We report the results of two ROSAT HRI observations of the recently discovered ∼11 s X-ray pulsar 1RXS J170849.0Ϫ400910. A refined position with a smaller error radius (10Љ uncertainty) and a new spin-period measurement were obtained. These results allowed us to derive a period derivative of ∼ s yr and to
INTRODUCTION
The relatively bright X-ray source 1RXS J170849.0Ϫ400910 was originally discovered in the ROSAT All-Sky Survey (RASS; Voges et al. 1998 ), but it did not attract much attention until ∼11 s periodic pulsations were found during an ASCA observation that was part of the Galactic Plane Survey Project (Sugizaki et al. 1997) . Based on the spin-period value and the soft X-ray spectrum, Sugizaki et al. (1997) suggested that this optically unidentified source could be a new member of the small group of anomalous X-ray pulsars (AXPs). AXPs are a group of X-ray pulsars (Mereghetti & Stella 1995; van Paradijs, Taam, & van den Heuvel 1995) that share several peculiar properties: a narrow interval of pulse periods (6-12 s), very soft X-ray spectra (a steep power law with photon index of ∼3-4 often coupled to an additional blackbody-like component with keV), lower X-ray luminosities kT ∼ 0.4-0.6 (Շ10 35 ergs s ) than those of persistent high-mass X-ray bi-Ϫ1 naries (HMXBs), a narrow spatial distribution in the Galactic plane, an absence of large flux variations on timescales from months to years, spin-down trends at relatively stable rates [ s yr ], and an absence of massive companion Ϫ5 Ϫ1
(2-100) # 10 stars (see Mereghetti, Stella, & Israel 1998b for a recent review). Whether AXPs are isolated neutron stars or members of binary systems remains to be determined; similarly, it is unclear whether they are powered by accretion or by magnetic energy, as recently suggested by the analogy with soft gammaray repeaters (SGRs; Kouveliotou et al. 1998; Mereghetti 1999) . In this Letter, we report on the data analysis of public ROSAT HRI observations of 1RXS J170849.0Ϫ400910 and on a study of its possible optical counterparts. Our results strongly support We analyzed the two HRI images using both a sliding cell and a wavelet transform-based detection algorithm (Lazzati et al. 1999; Campana et al. 1999 ). In the longer observation (1997), the source was detected at R.A. ϭ 17 h 08 m 47 s .24 and decl. ϭ Ϫ40Њ08Ј50Љ .7 (J2000), with a statistical error of only 0Љ .15 (1 j). However, due to the uncertainty in the satellite boresight, an overall error radius of ∼10Љ must be considered. The new position is located some 35Љ and 25Љ north of the ASCA position (30Љ radius; Sugizaki et al. 1997) The ROSAT HRI has no intrinsic spectral resolution; therefore, in order to obtain the source flux from the observed count rate, we assumed the spectral model derived with ASCA (Sugizaki et al. 1997) , i.e., a power law with photon index and cm . In this way, we deter- 
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The event list of 1RXS J170849.0Ϫ400910 was extracted from a circle of ∼40Љ radius (corresponding to an encircled energy of ∼90%) around the X-ray position of the 1997 observation. The photon arrival times were corrected to the barycenter of the solar system, and a background-subtracted light curve was accumulated in 1 s bins. A power spectrum was calculated over the entire observation duration. A highly significant peak (∼8 j) was found at a frequency of 0.09092712 Hz, corresponding to a period of 10.998 s. To refine the period determination and reduce its uncertainty, we adopted a phase-L108 1RXS J170849.0Ϫ400910
Vol. 518 fitting technique. The best pulse period was determined to be s. The shape of the modulation is P ϭ 10.99802 ‫ע‬ 0.00005 somewhat asymmetric with a pulsed fraction of ∼38% ‫ע‬ 4% (Fig. 1) . We note that such a pulse shape is similar to that reported by Sugizaki et al. in the 0.8-2 keV range (1997; see their Fig. 3 ). Owing to poor statistics, the periodicity was not detected during the 1994 observation (assuming a 3 j detection threshold). By comparing our period value with the one measured with ASCA on 1996 September 3 (Sugizaki et al. 1997 ), a period derivative of s yr was inferred.
Ϫ4 Ϫ1
P ϭ (7 ‫ע‬ 2) # 10
OPTICAL IMAGING AND SPECTROSCOPY
Optical observations were carried out with the 1.54 m Danish and the 1.52 m ESO telescopes at La Silla, Chile. Images in the V and R bands (with a 100 s exposure time for each) were performed in 1998 July 23 with the Danish Faint Object Spectrometer Camera, reaching limiting magnitudes of and V ∼ 21.5 . A low-resolution (15 Å ) spectrum of the brightest star R ∼ 20 within the X-ray uncertainty region was obtained on July 27 with the Boller & Chivens spectrograph. The data were reduced using standard ESO-MIDAS procedures for bias subtraction, flat-field correction, and one-dimensional stellar and sky spectra extraction.
Photometry for each stellar object in the images was derived by means of DAOPHOT II (Stetson 1987) , and a colormagnitude diagram (CMD) was then computed (see Fig. 2 ) for all stars within a region of around the X-ray position 4 # 5 of 1RXS J170849.0Ϫ400910. For comparison, Figure 2 also shows the main sequence for two representative distances: 700 pc (with ) and 3 kpc ( ). Note that A ϭ 1.6 A ϭ 6.2 V V 1RXS J170849.0Ϫ400910 is located in the Galactic plane ( , ) and that, along this direction, spiral l ϭ 346.48 b ϭ 0.03 arms are located at a distance of ∼1, ∼3, and ∼4.5 kpc (Taylor & Cordes 1993) . The R image of the field of 1RXS J170849.0Ϫ400910 is shown in Figure 3 . The new X-ray position uncertainty regions obtained with the two HRI observations are shown (10Љ radius). Table 1 gives the positions, R magnitudes, and colors of the objects within (or close to) the error circles.
The spectrum of the brightest object within the error circle (candidate A;
and VϪR ϭ 1.48) is shown in Fig-R ϭ 13 .4 ure 4. The object was classified as a B0 V spectral type star with an absorption of . We found no evidence for any A ∼ 6.2 V emission lines in its spectrum.
DISCUSSION
The great majority of accreting X-ray pulsars are found in two distinct classes of massive binaries: systems with OB-type supergiant companions and systems with Be stars. The latter are often characterized by transient activity.
We found that star A, the brightest candidate counterpart in the new error circles, is a main-sequence B0 star, but the properties of its spectrum make an association with 1RXS J170849.0Ϫ400910 very unlikely. The absence of emission lines corresponding to the Balmer series, He i, and Fe ii strongly suggest that star A is not in a binary system with a compact object. Although the optical emission lines in Be/neutron star systems may occasionally disappear during the quiescence state, such behavior has been observed so far only in transient sources that also show outbursts and pronounced spin-up/down rate episodes. The low value of the inferred spin-down period derivative over a 6 month interval and the constant X-ray flux value over a timescale of 3 yr (see below) rule out this possibility. Furthermore, the soft X-ray spectrum of 1RXS J170849.0Ϫ400910 is much softer than that observed in all Xray pulsars with massive companions (i.e., a hard power law with a photon index of ∼1 that steepens only above the cutoff energy of ∼10-30 keV).
The second brightest candidate to be considered is star B. Its position in the CMD of Figure 2 is consistent with a relatively close K-type star.
All remaining candidates are fainter than , implying R ∼ 17 X-ray-to-optical flux ratios higher than those typically observed in HMXBs. This is also indicated by their position in the CMD shown in Figure 2 : the objects in the error circles are too blue and too faint to be compatible with early-type stars. Note also that our images are deep enough to exclude very reddened and distant O and B stars. The absorption column density for 1RXS J170849.0Ϫ400910 is ∼ cm 22 Ϫ2
1.5 # 10 ( Sugizaki et al. 1997 ), corresponding to E(BϪV) ∼ 2.6 (Bohlin, Savage, & Drake 1978) . Applying the standard interstellar extinction law (Fitzpatrick 1999) , this translates into an absorption in the R band of . A B0 star located at a distance of A ∼ 6 R 5-10 kpc would be observed with a R magnitude of ∼15.5-17 and VϪR ∼ 2; i.e., it should have been easily detected in our optical images.
Our optical data cannot exclude the fact that 1RXS J170849.0Ϫ400910 is part of a low-mass X-ray binary (LMXB). The faint stars in the error box are all compatible with relatively late spectral type stars. For example, star I is consistent with a A5-7 V at a distance of 3 kpc, while star H is consistent with a late K or an early M at a distance of 700 pc. However, none of these objects have the characteristic blue color generally observed in the counterparts of luminous LMXBs, in which the optical emission is dominated by the accretion disk (van Paradijs 1998) .
The lack of a massive companion star and the inferred spindown at a rate of ∼ s yr strongly support the Ϫ4 Ϫ1
7.5 # 10 inclusion of 1RXS J170849.0Ϫ400910 in the group of AXPs, as was previously suggested by Sugizaki et al. (1997) based only on the soft X-ray spectrum and 11 s period.
The pulsar 1RXS J170849.0Ϫ400910 was detected by the ROSAT HRI at the same flux level in both the 1994 and 1997 observations. The ROSAT flux extrapolated to the 0.8-10 keV range ( ergs cm s , for the power-law best fit)
2.3 # 10 is about a factor of 2 lower than that observed with ASCA ( ergs cm s ). A soft blackbody component, ac-
4.3 # 10 counting for 20%-50% of the total flux, has been seen in the spectrum of three well-studied AXPs (4U 0142ϩ61 [White et al. 1996; Israel et al. 1999 ], 2E 2259ϩ587 [Corbet et al. 1995; Parmar et al. 1998 ], and 1E 1048.1Ϫ5937 [Corbet & Mihara 1997; Oosterbroek et al. 1998 ]). The presence of a similar component in 1RXS J170849.0Ϫ400910 was to be found compatible with the ASCA data (although not formally required by the fit; Sugizaki et al. 1997) . Assuming a double-component spectral model for 1RXS J170849.0Ϫ400910, at least part of the flux difference between the ASCA and ROSAT observations might be ascribed to the more complex spectral slope than L110 1RXS J170849.0Ϫ400910 Vol. 518 assumed. We conclude that the modest luminosity variations across observations spanning 3 years is another analogy of 1RXS J170849.0Ϫ400910 with the AXPs class; 1RXS J170849.0Ϫ400910, like other AXPs, also displays a remarkable stability of the pulsed fraction and pulse shape. One of the main problems in understanding the nature of AXPs is establishing whether they are isolated neutron stars or members of binary systems with very low mass companions. Both deep optical and infrared searches for counterparts and searches for Doppler orbital modulations in the pulse frequency can provide valuable information in this respect. In the best studied AXPs, the limits derived from such studies exclude most classes of companions stars, except for helium stars with M , and white dwarfs (Mereghetti, Israel, & Stella M ≤ 0.8 1998a; Wilson et al. 1999) .
The possibility that 1RXS J170849.0Ϫ400910 has a white dwarf companion star is compatible with our optical observations: the expected R magnitude at a distance of 700 pc would be ≥21, well below the limiting magnitude of our images. Similar results apply to a helium main-sequence star. We also note that although the absorption column inferred with the ASCA data would place 1RXS J170849.0Ϫ400910 quite far from us (10 kpc), it is possible that part of the absorption is intrinsic. Also, the possibility that 1RXS J170849.0Ϫ400910 is a "magnetar," an isolated, strongly magnetic neutron star possibly related to SGRs, remains viable. More period measurements are clearly required to look for "glitches" as foreseen in the magnetar scenario. In conclusion, based on the X-ray and optical findings presented here, we confirm that 1RXS J170849.0Ϫ400910 is a new member of the AXPs group. G. L. I. and S. C. thank V. F. Polcaro for his kind help and useful discussions. This work was partially supported through ASI grants.
